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Cigarette smokers tend to drink more alcohol than their nonsmoking peers. In this issue of Neuron, Doyon
et al. (2013) found that nicotine-induced increases in stress hormones can augment ethanol self-administra-
tion in rats, suggesting that a drug interaction may contribute to this phenomenon.Smokers drink twice as much alcohol as
nonsmokers, and alcoholism is at least
four times more prevalent among those
who smoke (Grant et al., 2004; Larsson
and Engel, 2004). One potential explana-
tion for these alarming facts is that to-
bacco and alcohol consumption may
both correlate with specific personality
traits. A second idea is that drink-
ing alcohol encourages smoking, since
people tend to find tobacco more satis-
fying when they drink (Rose et al., 2004).
A third possibility, however, one brought
to light through animal research, is that
tobacco use promotes excessive alcohol
consumption. There have been several
studies, in fact, showing that exposure
to nicotine can increase subsequent
ethanol self-administration (Larsson and
Engel, 2004; Smith et al., 1999).
The implications of this kind of drug
interaction are significant, potentially
impacting tobacco awareness programs
as well as the treatment of alcohol abuse
disorders. For example, should alcoholics
be advised to abstain from tobacco
as a means to reduce their drinking?
Perhaps a pharmaceutical intervention
could discourage excessive drinking
among smokers.
In pursuit of these ideas, in this issue
of Neuron, Doyon et al. (2013) seek
to uncover the mechanism by which
tobacco use promotes alcohol consump-
tion. They show that a single exposure to
nicotine can cause drug-naive rats to
self-administer more ethanol over 4 sub-
sequent days than they otherwise would.
Doyon et al. (2013) then carefully track
down the mechanism underlying this
effect and find the culprit to be nico-
tine-induced increases in stress hor-406 Neuron 79, August 7, 2013 ª2013 Elsevimones acting in the ventral tegmental
area.
Dopamine Neuron Reactivity
At the center of this study is the regulation
of synaptic inputs to dopamine neurons in
the midbrain. First, Doyon et al. (2013)
confirmed that nicotine and ethanol are
both capable of augmenting dopamine
levels in the nucleus accumbens. They
also found that when administered
together, the drugs produced additive
effects on dopamine levels, consistent
with their somewhat divergent mecha-
nisms of regulating dopamine neuron
activity (Fagen et al., 2003; So¨derpalm
and Ericson, 2013). When nicotine was
administered first, however, 3–40 hr
prior, ethanol-induced increases in dopa-
mine levels were significantly attenuated.
Importantly, nicotine pretreatment did
not alter dopaminergic responses to
subsequent nicotine injections, indi-
cating that this dopaminergic circuitry is
generally capable of responding to drugs
in a consistent manner. The extended
time window during which these nico-
tine-ethanol interactions were observed,
when dopaminergic responses to etha-
nol were blunted, coincided with the
period when nicotine-exposed animals
increased their ethanol intake.
This connection is somewhat counter-
intuitive, that ethanol self-administration
rates would rise precisely when dopamine
neurons exhibit a muted response to
ethanol. However, a blunted dopamine
system has previously been associated
with increased susceptibility to alcohol
abuse (Martinez et al., 2005). There is
also evidence that animals self-administer
drugs of abuse at a frequency necessaryer Inc.to maintain a specific elevated level of
dopamine (Ranaldi et al., 1999), suggest-
ing that the nicotine-pretreated rats may
have increased their drinking to compen-
sate for the diminished potency of ethanol
on dopaminergic signaling.
Ethanol is believed to augment dopa-
mine levels in the nucleus accumbens
by increasing the firing rate of ventral
tegmental area dopamine neurons. Using
brain slice electrophysiology, Doyon
et al. (2013) confirmed that bath applica-
tion of ethanol increases the excitatory
drive onto midbrain dopamine neurons,
as well as their average firing rate. In nico-
tine-pretreated animals, however, ethanol
caused a marked increase in both inhibi-
tory and excitatory drive onto these
neurons. The enhanced inhibitory input
seemed to neutralize the excitatory drive,
as firing rates of dopamine neurons were
largely insensitive to bath-applied ethanol
in tissue from nicotine-pretreated rats.
Consistent with this observation, GABAA
receptor blockade in brain slices elimi-
nated the differential effect of ethanol on
dopamine neuron firing rates between
saline- and nicotine-pretreated animals.
Together, these data indicate that expo-
sure to nicotine can sensitize GABAergic
transmission to the effects of ethanol.
Stress Hormones Intervene
Nicotinic receptors are extremely diverse
and widely expressed, so uncovering
how they alter GABAergic signaling in
response to ethanol is a daunting task.
Fortunately, Doyon et al. (2013) focused
their attention on neuroendocrine signals,
with the rationale that stress-related
hormones are known to cause long-
term alterations in dopamine and GABA
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Sparta et al., 2013). Furthermore, nicotine
can potently activate the hypothalamic-
pituitary-adrenal axis and increase
plasma levels of corticosterone, the prin-
ciple glucocorticoid in rodents (Caggiula
et al., 1998).
To test whether glucocorticoid recep-
tors were involved in the interaction
between nicotine and ethanol, Doyon
et al. (2013) pretreated animals with
the glucocorticoid receptor antagonist
RU486 prior to the nicotine exposure.
This pretreatment completely blocked
the interaction between nicotine and
ethanol on both dopamine neuron physi-
ology and ethanol self-administration.
When RU486 was on board during the
nicotine pretreatment, GABAergic trans-
mission onto dopamine neurons was not
sensitized to the effects of ethanol.
Furthermore, ethanol-induced increases
in dopamine levels in these animals were
just as robust as they were in naive ani-
mals, not blunted as was observed in
animals pretreated with nicotine alone.
Remarkably, this restoration of dopa-
mine neuron reactivity correlated with a
moderation of ethanol self-administration,
restoring it to the levels typical of saline-
pretreated animals.
How Generalizable Are These
Effects?
In human users, the interactions between
tobaccoandalcohol arebound tobecom-
plex and multifaceted. The present study
cleverly took advantage of naive animals
and controlled environments to provide
insight into the cellular mechanisms by
which these drugs interact. In doing so, it
has provided an intriguing potential expla-
nation for why smokers drinkmore alcohol
than their peers. It also offers potential
targets for pharmaceutical interventions
designed to attenuate heavy drinking in
people codependent on alcoholic and
tobacco. Key questions regarding the
interaction between nicotine and ethanol
remain to be answered, however. For
example, how would more naturalistic
exposure to nicotine alter drinking
behavior? Doyon et al. (2013) adminis-
tered nicotine via both intraperitoneal
and intravenous methods, but it is not
clear how well that relates to the intermit-
tent smoking and drinking patterns
observed in people. How does repeated,fluctuating use of tobacco and alcohol
interact with dopamine signaling and
affect future drug consumption?
An intriguing part of these data is that
nicotine-induced glucocorticoid recep-
tor signaling altered the sensitivity of
GABAergic transmission to ethanol. It will
be important to determine whether gluco-
corticoid receptor signaling is sufficient
for these effects or whether the nicotine
trigger is essential. It will also be neces-
sary to determine how specific this phe-
nomenon is to ethanol, a drug that has
numerous and complex interactions with
several neurotransmitter systems (So¨der-
palm and Ericson, 2013). Doyon et al.
(2013) began to pursue this line of investi-
gation by asking whether GABAA recep-
tors had a central role, since they are one
of the primary targets of ethanol. To test
this, Doyon et al. (2013) replaced ethanol
with Diazepam, a benzodiazepine that
positively modulates GABAA receptors.
As was observed with ethanol in brain
slices, this compound became markedly
more potent in augmenting GABAergic
transmission when animals were pre-
treated with nicotine. This suggests that
nicotine-induced glucocorticoid receptor
signaling selectively primes GABAA
receptors, but what specifically is altered
in these receptors or in GABAergic trans-
mission in general is not clear from this
study. This will be an important area
of future research, as the interaction
between nicotine and benzodiazepines
may be highly significant in terms of clin-
ical and societal impact.
Another intriguing question that arises
from this data is whether the sensitivity
of GABAergic inputs to nicotine-ethanol
interactions depends on where the fibers
originate from or where they project to
(Britt and Bonci, 2013). Doyon et al.
(2013) only focused on the specific popu-
lation of GABAergic fibers that synapse
onto midbrain dopamine neurons. In
follow-up studies, it will be important to
determine whether GABA or glutamate
transmission elsewhere in the brain is
similarly affected by nicotine-induced
glucocorticoid signaling.
Uncovering the full extent of the inter-
actions between alcohol and tobacco,
two of the top causes of preventable
death in the United States, could have
immense benefit to society. A basic ques-
tion raised by this research is whetherNeuron 7alcoholics seeking treatment should pri-
oritize smoking cessation on their road
to recovery. Similarly, does abstaining
from tobacco significantly reduce an indi-
vidual’s risk of becoming an alcoholic? A
warning that smoking increases one’s
risk of developing alcoholism may reso-
nate particularly well with children that
have an alcoholic parent. Further research
in this area is essential to ultimately un-
cover the links between nicotine, alcohol,
and glucocorticoid receptor signaling that
may be targeted to help treat alcohol
abuse disorders.
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